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Abstract— An integrated spatially non-blocking 2x2 Banyan 
switch on silicon on insulator (SOI) is demonstrated. The device 
relying on thermally switched microring resonators has a 
footprint of less than 0.02 mm² and shows negligible channel 
crosstalk. The presented novel switch topology features a high 
scalability for application in many-core interconnections for 
network on-chip architectures. 
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I.  INTRODUCTION  

Optical communication systems are dominating data 
communication on long distances today. Recently optical 
communication systems have steadily gained interest also on 
very short distances like on-chip optical interconnection. 
Silicon builds the ideal material platform for these so-called 
network-on-chip (NoC) architectures due to its well 
established technology of the CMOS industry and the 
possibility to integrate electronic and optical devices 
monolithically. 
Crucial elements in NoCs are optical routing and switching 
structures. Particular switch topologies relying on silicon 
microring resonators are highly beneficial in terms of power 
consumption and device footprint [1]. Microresonator based 
optical switches on silicon rely in general on a change of the 
index of refraction by an external control signal. Therefore 
different physical effects can be applied, like the prominent 
plasma-dispersion effect, the thermo-optical effect or the 
linear electro optic effect in strained silicon [2]-[3]. 

The standard topology for a non-blocking switch, i.e. a 
switch which allows anytime establishing a connection from 
any free input port to any free output port, is the crossbar 
switch (s. Fig 1(a)). In a crossbar switch input and output ports 
are connected via a grid of switching elements. Several 
microresonator based photonic crossbar switches have been 
presented [4]-[5]. A major drawback of this switch topology is 
its limited scalability as the number of switching elements 
NSWITCH scales quadratically with the number of input ports 
(NSWITCH=NPORTS²). Furthermore, the number of necessary 
waveguide crossings, which impose additional losses and 
channel crosstalk, also scales with the square of the number of 
input ports. Recently published topologies of 4x4 non-
blocking silicon routers rely on 8 microrings, 10 waveguide 
crossings with a footprint of 0.07 mm² [6] or rely on 6 Mach-
Zehnder interferometers, 6 waveguide crossings with a 
footprint of 0.48 mm² [7].  

 
Fig. 1.  Schematic drawing of the topology of a (a) 4x4 crossbar switch and a 
(b) 4x4 Banyan-Switch. Exemplarily an established connection between input 
2 and output3 is highlighted (red arrows). (c) Microscope image of the 

realized 2x2 Banyan switch on SOI. 

The Banyan switch represents a highly modular topology as 
it is built out of several identical 2x2 switching elements 
arranged in multiple stages making it an easy and highly 
scalable topology (s. Fig. 1(b)). In a Banyan network the 
number of switching elements is reduced to 
NSWITCH=NPORTS*log2NPORTS, simultaneously the number of 
waveguide crossings is decreased drastically. As an example, 
the topology of a 4x4 crossbar switch and a 4x4 Banyan-
switch is shown in Fig. 1(a) and Fig. 1(b). A previously 
realized integrated optical 4x4 Banyan switch structure on SOI 
is based on Mach-Zehnder interferometers and relies on 
several centimeter long waveguides as well as micrometer-
sized waveguide cross-sections [8].  

In this work for the first time a silicon nanophotonic 
Banyan-switch relying on microring resonators is 
demonstrated. The presented device topology is highly 
scalable, requires a minimum number of waveguide crossing 
and switching elements and features a low device footprint of 
less than 0.02 mm². 

II. DEVICE FABRICATION AND CHARACTERISATION 

The 2x2 Banyan switch is fabricated on SOI substrate 
consisting of a 2 µm thick buried oxide layer and a 220 nm 
thick device layer. Definition of the structures is carried out by 



electron-beam lithography (EBL) using hydrogen 
silsesquioxane (HSQ) as an EBL resist. Pattern transfer into 
the silicon is achieved by HBr-chemistry based inductive 
coupled reactive ion etching. Switching elements consist of 
symmetrically coupled microring resonators with a ring radius 
of 10 µm and a coupling gap of 150 nm. Silicon waveguide 
widths and heights are 350 nm and 220 nm, respectively. 
Waveguide crossing are based on elliptical tapered silicon 
waveguides to a maximum width of 2 µm. As a cladding 
material a spin-on glass is used, resulting in a cladding height 
of 850 nm. On top of the cladding material Aluminium micro-
heaters with a thickness of 100 nm and a minimum width of 
1 µm and centered to the silicon ring resonators are defined 
via optical lithography and a subsequent lift-off step. In Fig. 
1(c) a microscope image of the realized 2x2 Banyan switch on 
SOI is shown. The switch features two input and two output 
ports and consists of two thermo-optic switching elements 
based on ring resonators, two signal combiners and a single 
waveguide crossing. 

Characterization of the integrated nanophotonic 2x2 Banyan 
switch is carried out using a conventional optical end-fire 
setup. A switching operation, i.e. a change in the resonance 
wavelength of a ring resonator, is initiated by altering the 
applied voltage at the contact pads of the micro-heater. 
Resulting switching characteristic for an operation wavelength 
of λ=1334.54nm are depicted in Figure 2(a). Shown is the 
normalized change in optical transmission for |S31|² (black) 
and |S41|² (grey) as a function of applied voltage to the contact 
pads of the upper micro-heater. From Figure 2(a) an electrical 
controlled increase in optical transmission |S31|² of 11dB and a 
decrease in optical transmission |S41|² of 4dB for an increase of 
the electrical control voltage can be identified. Accordingly in 
Figure 2(b) the switching characteristics for |S32|² (black) and 
|S42|² (grey) as function of applied voltage to the contact pad of 
the lower micro-heater are shown. From both graphs of Figure 
2 it becomes clear, that with the presented device optical 
signals can be routed from any input port to any desired 
optical output port by using electrical control signals. 
Additional to the switching operation of the 2x2 Banyan 
switch the interaction of the two utilized switching elements 
has been characterized. In an extensive study a negligible 
channel crosstalk of less than 0.01 dB for all switching 
channels has been detected. 

III.  CONCLUSION 

In summary, we have presented a Banyan switch as a new 
switch topology for silicon nanophotonic routers relying on 
microring resonators. The presented switch topology is highly 
scalable, modular and can be easily scaled up to larger 
numbers of input and output channels. The realized device 
features a low footprint of 0.02 mm², has a maximum change 
in optical transmission of 12 dB, shows negligible crosstalk 
and provides a switching time of about 10 µs. Switching in the 
presented device is based on the thermo-optic effect, but the 
presented concept can be easily expanded to faster switching 

mechanisms like depletion of charge carriers or electro-optic 
effects in strained silicon structures.  
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Fig. 2. (a) Normalized optical transmission from input 1 to output 3 and 
output 4 as function of applied voltage to the heater of ring 1 and (b) from 
input 2 to output 3 and output 4 as function of applied voltage to the heater 

of ring 2 
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